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[SUBJECT] 

In the case substrates, such as a 
semiconductor wafer, are heated, curvature is 
made not to be generated on a substrate. 

[SOLUTION] 

The elevation unit 7 is lowered, and where the 
sub-table 9 is raised, substrate W is set on a 
sub-tabfe. 

Subsequently, the sub-table 9 is made to 
descend until the space between a substrate 
and the hot plate 8 is set to about 1 .0 mm. 
It stops by this position. 

The preheating of the substrate is carried out. 

The elevation unit is raised after this, with the 
interval of a substrate and a hotplate 
maintained. 

While making a substrate face in the process 
chamber 3, aperture 4 is occluded in the 
elevation unit 7. 

And, after reducing pressure of the inside of a 
process chamber, the sub-table 9 is made to 
descend and a substrate is made to contact on 
a hotplate. 
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[CLAIMS] 



[CLAIM 1] 

The process chamber which generates a 
plasma, and the elevation unit which occludes 
air-tightly the aperture fornied in the bottom part 
of an above-mentioned process chamber in the 
raise limit, and performs a moving substitute of 
a substrate in the descent limit are provided. 

This elevation unit has the hotplate which 
makes the fonn of a flat plate and substrate 
elevation means which elevates independently 
and stops by the position raised a little from the 
hotplate. 

The heat treatment equipment of the 
substrate characterized by the above- 
mentioned. 



[CLAIM 2] 

A heat treatment equipment of the substrate, in 
which In the heat treatment equipment of a 
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substrate described in Claim 1, the above- 
mentioned substrate elevation means Is the 
sub-table placed at the concave part which the 
hotplate provided central, or a pin which 
appears frequently to a hotplate upper face 
through the through-hole formed in the hotplate. 



[CLAIM 3] 

A heat processing method of the substrate, in 
which a substrate is placed in the state of a 
hotplate and a non-contact in the process 
chamber for plasma generation. 

Subsequently a hotplate is made to contact a 
substrate after changing the inside of a process 
chamber into pressure reduction condition. It 
was made to perfonm a predetermined process, 
heating a substrate. 



[CLAIM 4] 

A heat processing method of the substrate, in 
which are in non-contact condition, and a 
substrate is made to adjoin to a hotplate, and a 
preheating is perfonned. After this, a substrate 
is placed in the process chamber for plasma 
generation with a hotplate and non-contact 
condition. 

Subsequently a hotplate is made to contact a 
substrate after changing the inside of a process 
chamber into pressure reduction condition. It 
was made to perform a predetermined process, 
heating a substrate. 



[DETAILED DESCRIPTION OF INVENTION] 



[000 1 ] 



[0001] 



[^0^(7)^1-6 W^^l [TECHNICAL FIELD] 

^^Wt.^^^W-'y ^—^^-^ify This invention relates to the apparatus and the 
^S^^<75SIR^^Pf^^S1"'5 fnethod of heat-processing substrates, such as 

a semiconductor wafer and a glass substrate. 
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[PRIOR ART] 

An ashing process is in the one of the process 
which forms a fine pattern on substrates, such 
as a semiconductor wafer. 

The reactive gas and the resist film which 
contain the resist film which remained after 
exposure image development oxygen gas are 
made to react to this ashing process in plasma 
atmosphere. A resist film is removed. 



[0003] 

And, where a substrate is conventionally 
heated, when performing an ashing, it is known 
that it can treat in a short time efficiently. 



[0004] 

Moreover, it makes as the apparatus which 
performs an above-mentioned heat processing, 
and the elevation unit which holds a substrate 
downward to the process chamber generating 
plasma is placed. 

The occlusion of the base aperture of a 
process chamber is carried out by the 
ascending movement of this elevation unit. A 
substrate is heated by the hotplate which the 
elevation unit has. The thing was made into 
above-mentioned structure is known. 

[0005] 

When heating a substrate using the apparatus 
mentioned the above, in order to be in 
conventionally and to increase the process 
efficiency, before introducing a substrate in a 
process chamber, a substrate is heated by the 
hotplate. Immediately after introducing a 
substrate in a process chamber, when the 
inside of a chamber is still In atmospheric 
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Vtmomi^&m^Mm-r^Xo substrate. 

[00 06] [0006] 



[0 0 0 7] 



[PROBLEM ADDRESSED] 

As nfientioned the above, there is an advantage 
that an ashing rate becomes higher, by heating 
a substrate before an ashing process 
conventionally. 

However, the disadvantage a substrate 
curves disadvantage by this heating generates. 

Furthermore, the phenomenon which was 
said the bubble and pumping is produced. 



[0007] 



[0 0 0 8] 



[SOLUTION OF THE INVENTION] 

The present inventors traces that the cause of 
the phenomenon which was said the cause, the 
bubble and the pumping of curvature of an 
above-mentioned substrate generates when the 
heat transfer from a hot play to a substrate is 
performed abruptly. 

Furthermore, heat is seldom transmitted from 
the inside of air by the direction in a vacuum 
(pressure reduction condition). This invention is 
made based on above-mentioned findings. 



[0008] 

That is, the heat treatment equipment of the 
substrate based on this invention is equipped 
with the process chamber which generates 
plasma, and the elevation unit which occludes 
air-tightly the aperture fomied in the bottom part 
of an above-mentioned process chamber in the 
raise limit, and perfonms a moving substitute of 
a substrate in the descent limit. 

This elevation uni* has the hotplate which 
makes the fonn of a flat plate and substrate 
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elevation means which elevates independently 
and stops by the position raised a little from the 
hotplate. 



[0009] 

As above-mentioned substrate elevation 
means, it makes as the sub-table placed at the 
concave part which the hotplate provided 
central, or the pin which appears frequently to a 
hotplate upper face through the through-hole 
formed in the hotplate. 



[0010] 

Moreover, the heat processing method of the 
substrate based on this invention places a 
substrate in the state of a hotplate and a non- 
contact in the process chamber for plasma 
generation. 

Subsequently a predetermined process is 

performed, making a hotplate contact a 

substrate andlZhi^m^^ 

changing ttielnside of a pro cess j hiTmbeMnto 

pressurel^uction toTT^ " 

Thus, a hotplate is made to contact a 
substrate after becoming pressure reduction 
condition. The rate of heat transfer from a 
hotplate can be made loose. 



[0011] 

Moreover, if are in non-contact condition, and a 
substrate is made to adjoin to a hotplate and it 
is made to perform a preheating, a raise of rapid 
temperature will be inhibited to a substrate. 

Furthermore, the rate of heat transfer can be 
made loose. 



[0 0 12] 
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[Embodiment] 

The embodiment of this invention is explained 
below based on an accompanying drawing. 

Here, Figure 1 is a sectional drawing of the 
heat treatment equipment of the substrate 
based on this invention. 

Heat treatment equipment makes the inside 
of a case 1 the standby chamber 2. 
The process chamber 3 is placed on a case 1 . 

This process chamber 3 and the standby 
chamber 2 are connected by aperture 4. 

[0013] 

The process chamber 3 makes top half part 3a 
a small diameter. 

Make bottom half part 3b be a large diameter. 
Around top half part 3a, a pair of electrode 5a 
and 5b are placed. 

It connects with the high frequency power 
supply of the frequency which cam'es out. The 
ground contact of another electrode 5b one 
electrode 5a to a high frequency power supply, 
or differs from an above mentioning. It is made 
to generate the plasma in top half part 3a by 
impressing a high frequency among electrode 
5a and 5b. 

The generated plasma is led to 3b which is 
bottom half part of the process chamber 3, and 
it is made to treat an ashing etc. 

[0014] 

In addition, the inlet tube 6 of a reactive gas is 
provided to the top edge part of the process 
chamber 3. Moreover, the inside of the process 
chamber 3 connects with the not shown 
vacuum pump. 



[0015] 

Moreover, the elevation unit 7 is placed in a 
case 1 . 

This elevation unit 7 has the elevating flat 
hotplate 8 and the sub-table 9 which canies out 
the adsorption hold of the substrate W. 

The elevating of the sub-table 9 is enabled 
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independently in a hotplate 8. The sub-table 9 
makes a hotplate 8 and the surface 1 by the 
position which descended. 

Moreover, a moving substitute of substrate W 
is performed by the raise position. Furthemiore, 
the sub-table 9 can be stopped by the position 
which rose a little from the hotplate 8. 

Moreover, In the raise limit, the elevation unit 
7 occludes the aperture 4 fomied in the upper 
face of a case 1 , and make the inside of the 
process chamber 3 a dense closed space. 



[0016] 

Figure 2 is a figure showing another Example of 
the elevation unit 7. 

A through-hole 11 is fonmed in the elevating flat 
hotplate 8 as an elevation unit 7. 
The pin 12 whose elevating was enabled 
independently in the hotplate 8 at this through- 
hole 11 is passed through. 

Same as the above-mentioned sub-table 9, 
The upper end of this pin 12 can be stopped by 
the position raised a little from the hotplate 8. 



[0017] 

Next, the heat processing method of the 
substrate using the above-mentioned heat 
treatment equipment is explained with 
reference to Figure 3 and a Figure 4. 

In addition. Figure 3 is a method based on a 
method of this invention. 

The method shown in a Figure 4 is a method 
compared by the method of this invention. 

In addition, it is shown in Figure 3 and a 
Figure 4, and the example using the sub-table 
as substrate elevation means is shown. 



[0 0 18] 
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As shown in Figure 3, it is in a method of this 
invention, and the elevation unit 7 is lowered. 

Where the sub-table 9 is raised, substrate W 
is set on the sub-table 9. 

Subsequently, the sub-table 9 is made to 
descend until the space between substrate W 
and the hotplate 8 is set to about 1.0 mm. 
It stops by this position. 

The preheating of the substrate W is canried 
out. 

The elevation unit 7 is raised after this, with 
the interval of substrate W and the hotplate 8 
maintained. 

While making substrate W face in the process 
chamber 3, aperture 4 is occluded in the 
elevation unit 7. 

And, after reducing pressure of the inside of 
the process chamber 3, the sub-table 9 is made 
to descend and substrate W is made to contact 
on a hotplate 8. 



[0019] 

Moreover, it is in the method based on 
Comparative Example shown in a Figure 4, and 
after carrying out the preheating of the 
substrate W, the sub-table 9 is made to 
descend in the air, and substrate W is made to 
contact on a hotplate 8 like a method of this 
invention. The elevation unit 7 is raised in this 
condition. 

It is made to face substrate W in the process 
chamber 3. 

[0020] 

The evaluation about the curvature of a 
substrate at the time of heat-processing a 
substrate by each above-mentioned method, 
the temperature rise of a substrate, and the 
peeling characteristics of a resist is summarized 
into the following (tables). 
In addition, sequence A-C is heat-processed in 
the procedure shown in Figure 3 in a table. 

Sequence D is heat-processed in the 
procedure shown in the Figure 4. 

In particular sequence A make timing which 
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makes substrate W contact on a hotplate 8 the 
point in time from which the pressure in a 
chamber was set to 0.1 Ton-. 

Sequence B make timing which makes 
substrate W contact on a hotplate 8 the point in 
time from which the pressure In a chamber was 
set to 10 Torr. 

Sequence C made timing which makes 
substrate W contact on a hotplate 8 the point in 
time from which the pressure in a chamber was 
set to 30 Torr. 



[0 0 2 1] 
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[Table 1] 
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i5or 


a 


a 


a 


a 


160'C 


a 


a 


a 


a 


not: 


a 


a 


a 


a 




a 


a 


a 


a 


i90x: 


a 


a 


a 


a 


200X1 


a 


a 


a 


a 


210*0 


a 


a 


a 


b 


220*C 


a 


a 


b 


b 


230'C 


a 


a 


b 


c 


240t: 


a 


a 


c 


c 



(1^* line of the table) 
H.R temperature 
Sequences A 
Sequences B 
Sequences C 
Sequences D 



a: No curvature in 20 wafers or more 
b: One cun/ature in 10 wafers 
c: One curvature in 5 wafers 



I 0 0 2 2 1 [0022] 

(^1) -b'^h^ Pi^om (Table 1), the curvature of a substrate 

^.0/ — >iry7;A'^B{cov^X generate about the sequences A-B 
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a. M^(^^'0 ^'^^^■^'f. it which are method of this inventions. About 

|55^j-^'j5^ ->— /r>^;^C{cov^ sequence C which is Comparative Example, 

Xii ^ y Vf^— h(D\^^^ ^hen making temperature of a hotplate high, it 

m<-r'^t^fitmmm^R'o ^""^^ ^'If ^"^^^"^^ °^ ^ ^""^^^^^^ 

r t generates so much. 
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[Table 2] 



o 

4) 
09 



8^ 



1 




80 90 100 





est 


82t: 


98t: 


not: 


list 




32sec 


45sec 


62560 


83s6C 


120s«c 




21sec 


36sec 


48sec 


62s6c 


98sec 




6sec 


lOsec 


ISsec 


iSsec 


ISsec 




2sec 


3sec 


4sec 


5sec 


6sdc 



(Upper table) 

(1** row of the table: up-down) 
Sequences A 
Sequences B 
Sequences C 
Sequences D 
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Temperature (C) 

(Vertical) 
Time (sec) 

(Lower teible: 1'* row of the table: up-down) 

Stage temperature 

Wafer temperature 

Sequences A 

Sequences 6 

Sequences C 

Sequences D 

[0 0 2 4] [0024] 
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[Table 3] 
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140 




60 80 100 120 140 160 180 200 
^J^^f^ (t) 





est: 


98lC 


154t; 


176t: 


1981c 




13sec 


27s6c 


51scc 


65sec 


98sec 




9sec 


ISsec 


408ec 


48sec 


84sec 




6sec 


lOsec 


13S6C 


15sec 


26sec 




2sec 


4se€ 


7sec 


8sec 


8sec 



(Upper table) 
(up-down) 
Sequences A 
Sequences B 
Sequences C 
Sequences D 



Temperature (C) 



(Vertical) 
Time (sec) 



(Lower table: 1** row of the table: up-down) 
Stage temperature 
Wafer temperature 
Sequences A 
Sequences B 
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Sequences C 
Sequences D 



[0 0 2 5] 

(*2) («3) t^h. * 

^://<c— [^C9ff;'3^ 1 0 Torrid/. 



[0025] 

From (Table 2) and (table 3), the rate of heat 
transfer from a hotplate to a substrate Is loose 
about the sequences A and B which are method 
of this inventions. About sequence D which is 
Comparative Example, it turns out that a rate of 
heat transfer is quick. 

When considering this result and an above- 
mentioned result, by making slow the rate of 
heat transfer to a substrate, it can be said that 
curvature of a substrate can be prevented. 

Furthermore, when setting the pressure in a 
chamber to 1 0 or less Ton^, it finds that a rate of 
heat transfer becomes loose. 



[0 0 2 6] 
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[Table 4] 
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120*C 


O.lTorr 


^CL 


tlL 


•>-^>XB 


120r 


lOTorr 


^£L 


t£l 




120"C 


7S0Torr 


t£L 


t^L 




leoic 


O.lTorr 


fit 


flL 


i/-V>XB 


160"C 


lOTorr 




t£L 




160"C 


760Torr 




56* 






O.lTorr 




^^L 




i8on: 


lOTorr 








ISO'C 


750Torr 








200*0 


O.lTorr 


4'L 






200*0 


lOTorr 




a* 




200^ 


TBOTorr 


16* 


IB* 



Peeling process by half ashing operation (operation time: 30sec) 



(1^Vow from the left of the table) 

Sequences A 

Sequences B 

Sequences D 

Sequences A 

Sequences B 

Sequences D 

Sequences A 

Sequences B 

Sequences D 

Sequences A 
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Sequences B 
Sequences D 

(2"^ row) 

H.p temperature 

(3rd row) 

Chamber pressure 

(4"^ row: up-down) 
Bubble 

None 

None 

None 

None 

None 

Generates 

None 

Generates 

Generates 

None 

Generates 

Generates 

(5"^ row) 
Pumping 

None 

None 

None 

None 

None 

Generates 

None 

Generates in some parts 
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Generates 

Generates in some parts 

Generates 

Generates 

[00 2 7] [0027] 
[^51 [Table 5] 













12 ox: 


O.lTorr 


SOsec 




i60t: 


lOTorr 


755ec 




i8or 


760Torr 


30sec 



Full peeling time at the temperature generating no bubble nor pumping 

row of the table: up-down) 
Sequences A 
Sequences B 
Sequences C 

(2"^ row) 

H.p temperature 

(3rd row) 

Chamber pressure 

(4th row) 
Peeling time 

[0 0 2 81 [0028] 
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(Table 4) shows the result about the generating 
existence of the foam and the pumping at the 
time of perfomriing a half ashing process. 

(Table 5) shows the time to full peeling on the 
conditions which a pumping does not generate. 

In addition, a pumping will point out that a 
resist film will be in burst condition, when after 
foaming the heating is continued. 

From (Table 4) and (table 5), about sequence 
A which is a method of this invention, generate 
neither a bubble, nor a pumping at all until the 
temperature of a hotplate becomes 180 degree 
C. Moreover, the time which full peeling takes 
also understands that the way of a method of 
this invention ends in a short time from 
Comparative Example. 



[0029] 

In addition, as an Example, the ashing with 
respect to a semiconductor wafer was 

explained. 

However, this invention is not restricted to a 
semiconductor wafer, but can be applied to a 
glass substrate etc. 

Moreover it can apply also to the process of 
those other than an ashing. 
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[EFFECT OF THE INVENTION] 

As explained above, according to this invention, 
a heating or when carrying out a preheating, it 
was made to perfomn a substrate by under 
reduced pressure. In particular 30 or less Torr, 
preferably 0.1-10 or less Torr. 
The rate of heat transfer to a substrate is 
relieved from a heater. 

Curvature can be prevented on a substrate. 

Furthenmore, as for at least 180 pumping of 
bubble or pumping, the temperature of a 
hotplate does not occur. And necessary time is 
also short to full peeling, and ends to it. 
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[mi] [FIGURE 1] 

:^^P^{c^5£^W^infi*D!3liS Sectional drawing of the heat treatment 

ttco^Sm equipment of the substrate based on this 

invention 

[112 1 [FIGURE 2] 

^^^(::^-5#(^^^-y hcDgij The figure showing another Example of the 

'MMM^^'tm elevation unit based on this invention 

[12131 [FIGURES] 

0^ # ^ ^i&(DMWi^>0:M:^ Process drawing of the heat processing method 

I^H substrate based on this invention 

[114 1 [FIGURE 4] 

it^M tLX (DM^MM:^&<D Process drawing of the heat processing method 

Xgg] as Comparative Example 

[n^-(Dmm] [explanation of drawing] 

I - ■'^—7., 2 - #^^, 3 - ■ 1- case, 2... standby chamber, 3... process 

^gi5^^y/<_ 4 "^p 5 chamber, 4... aperture, 5a, 5b... electrode, 6. 

/7>»Ti<a: rr i hotplate, 9... sub-tablo, 11... through-hole, 12... 

o#A« 7-m^-~ yK j vv... substrate. 

1 1 -SiiJL. 1 2 

imi] [FIGURE 1] 
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(Left-right) 

Wafer set 
Wafer pre-heat 
Elevation unit UP 
Chamber VAC 

Sub-table Down after reaching the particular pressure 
[041 [FIGURE 4] 




!^3U>N*yh lyat/NT-'JK-h 1^5'^-?*A'Down >m^=vhVP f-^y^-VAC 



(Left-right) 
Wafer set 
Wafer pre-heat 
Sub-table Down 
Elevation Unit UP 
Chamber VAC 
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[000 1] 
[0002] 

y^mm-i>xn(r>\'oi,zr -fi^yyiMti^hh, z<n 
Tyiyy^^xmiim ■ mmmm'>i::iyi^:^ mm 
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•y i^yyrmo bmmi.<mmr:9mifmx.hz 4o 
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